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FOREWORD 

This s tudy w a s  undertaken by t h e  Civil Engineering Department of 
Colorado S t a t e  Universi ty .  The program w a s  sponsored by the  Nat ional  
Aeronautics and Space Administration, Marshall  Space F l igh t  Center ,  
Hun t sv i l l e ,  Alabama and w a s  administered under t h e  d i r e c t i o n  of t h e  
F l i g h t  Data S t a t i s t i c s  Off ice  with D r .  F. R. Krause as p r o j e c t  monitor.  

The study w a s  d i r ec t ed  toward eva lua t ing  t h e  f e a s i b i l i t y  of using 
remotely sensed d a t a  as input  f o r  a mathematical  model and as information 
t o  check cloud seeding. 
water a v a i l a b l e  from t h e  snowpack accumulated on a high mountain w a t e r -  
shed. 
t h a t  cloud top  temperatures a r e  the s t r o n g e s t  i n d i c a t o r  of cloud seeding 
p o t e n t i a l .  

The model would be used t o  estimate t h e  n e t  

Cloud top temperature measurements w e r e  taken t o  check t h e  hypothesis  

Appreciation is  expressed t o  members of t h e  Colorado S t a t e  Universi ty  
f a c u l t y  who a s s i s t e d  i n  t h e  p ro jec t ,  
o r i g i n a l  planning of t h e  p ro jec t  and i n  t h e  photographic mission planning 
and opera t ions ,  D r .  A. H. Barnes d i r e c t e d  t h e  survey crew and the  photo- 
grammetric a n a l y s i s ,  Gra te fu l  acknowledgement i s  expressed t o  t h e  NASA 
personnel  of t h e  F l i g h t  Data Statistics Off ice  who cont r ibu ted  t h e i r  t i m e  
and e f f o r t  t o  t h i s  p ro jec t .  

D r .  M. M. Skinner a s s i s t e d  i n  t h e  
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INTRODUCTION 

. 

The Colorado Rockies are t h e  source f o r  a number of t h e  major r i v e r  
systems of t h e  western United States. Headwaters of t h e  North and South 
P l a t t e ,  t h e  Rio Grande and t h e  Arkansas, t he  Colorado River and i t s  
t r i b u t a r i e s  such as t h e  Yampa and S a n  Juan Rivers a l l  are fed  by t h e  snow 
m e l t  which accumulates throughout t h e  w in te r  season i n  t h e  high Colorado 
Rockies. These r i v e r s  provide water resources  f o r  Ca l i fo rn ia ,  Nevada, 
Arizona, New Mexico, Colorado, Wyoming, Nebraska, Kansas, Oklahoma, and 
Texas. To provide adequate management of t h e  water resources  i t  is 
necessary t o  s tar t  a t  t h e  source of t h e  water and t h a t  source  is t h e  avail- 
a b l e  snow pack which provides  t h e  spr ing  run-off and a major po r t ion  of 
t h e  subsequent yea r ly  flow i n  these  r i v e r  systems. The main source of t h e  
water supply i n  Colorado i s  snow. Recognizing t h i s  f a c t  t he  United States 
Bureau of Reclamation has  s t a r t e d  a p i l o t  p r o j e c t  c a l l e d  t h e  Skywater 
Program i n  which they have attempted t o  increase  t h e  snow pack i n  t h e  high 
mountains by weather modif icat ion.  
are used and the  program is  now i n  t h e  fou r th  yea r ,  The l o c a t i o n  of t h e  
Skywater P r o j e c t  tes t  area is shown i n  Fig. 1. This test area covers 
p r imar i ly  t h e  headwaters of t h e  San Juan and San Miguel r i v e r s  which are 
t r i b u t a r i e s  of t h e  Colorado River.  

Ground based cloud seeding genera tors  

Proper water resource  management and p red ic t ion  of run-off r equ i r e  
knowledge of t h e  quan t i ty  and d i s t r i b u t i o n  of t h e  snow pack. This in for -  
mation combined with estimates of  the  water content  i n  t h e  snow should 
provide f o r  b e t t e r  p r e d i c t i o n  o f  t he  run-off and t h e  n e t  w a t e r  y i e l d  from 
t h e  mountain bas ins .  Due to  the  g rea t  v a r i a b i l i t y  of snow depth,  areal 
d i s t r i b u t i o n ,  rate of snow m e l t ,  and a c c e s s i b i l i t y  t o  t h e  mountain sites 
dur ing  t h e  win te r  season, t h e  information necessary t o  provide adequate 
p r e d i c t i o n  is extremely d i f f i c u l t  t o  obtain.  

I n  1934, Ralph P a r s h a l l  of Colorado State Univers i ty ,  surveyed and 
i n s t a l l e d  t h e  f i r s t  snow courses i n  t h e  Colorado Rocky Mountains. 
two sites w e r e  s e l e c t e d  i n  t h e  South and Middle Park areas of Colorado. 
These sites provided t h e  f i r s t  input  d a t a  which attempted t o  relate snow 
pack t o  stream run-off. 
of the S o i l  Conservation Service, United States Department of Agr icu l ture ,  
has  i n s t a l l e d  hundreds of such snow courses throughout t he  Rocky Mountains. 
These snow courses  are t h e  primary source  of information t o  p r e d i c t  t h e  
w a t e r  a v a i l a b l e  from t h e  run-off f o r  a number of t h e  rivers i n  t h e  western 
United S t a t e s .  One phase of t h e  remote sensing program w a s  t o  attempt t o  
supplement snow course readings using remote sens ing  techniques.  

Thir ty-  

From t h a t  meager beginning t h e  Snow Survey Divis ion 

Addit ional  samples should provide b e t t e r  r e l i a b i l i t y  f o r  t h e  p red ic t ion  
of t h e  n e t  w a t e r  a v a i l a b l e  t o  downstream users. 
engineer  of Colorado p resen t ly  is requi red  t o  estimate t h e  d ischarge  i n  t h e  
Rio Grande R i v e r  i n  order  t o  m e e t  t h e  downstream water requirements of New 
Mexico and Texas as c a l l e d  f o r  i n  t h e  Rio Grande River Compact. This 
estimate must b e  made i n  Apr i l  based upon the  snow course measurements 
ob ta ined  during the  preceding w i n t e r .  S imi l a r ly ,  estimates of t he  w a t e r  
y i e l d  must be  made t o  provide information f o r  dec is ions  regarding r e s e r v o i r  
ope ra t ions  on t h e  Colorado River and i t s  t r i b u t a r i e s .  Adequate estimates 
of t h e  w a t e r  y i e l d  are needed t o  determine releases f o r  power and i r r i g a -  
t i o n ,  and t o  s a t i s f y  t h e  discharge requirements a t  t h e  Mexico - United 

For  example, t h e  s ta te  
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S t a t e s  border  as s p e c i f i e d  i n  t h e  Colorado River Compact, an i n t e r n a t i o n a l  
w a t e r  agreement between t h e  two count r ies .  
economy t h a t  is r e l a t e d  t o  fo recas t s  based upon snow course measurements 
is unknown. But, i t  can be in fe r r ed  t h a t  an inadequate estimate could 
a f f e c t  g r e a t l y  the  economy of the  western states. Therefore ,  i n  an e f f o r t  
t o  provide a p r a c t i c a l  method of obtaining a d d i t i o n a l  samples t o  supplement 
snow course measurements, t he  snow depth determinat ion phase of t h i s  s tudy  
w a s  i n i t i a t e d .  

The percent  of t h e  n a t i o n a l  

A small watershed i n  the  Skywater P r o j e c t  test area w a s  chosen as 
the  s i te  i n  which t o  perform the  t e s t s  f o r  t h i s  p i l o t  program of snow 
depth determinat ion.  
of Wolf Creek Pass  w a s  chosen because of t h e  a c c e s s a b i l i t y ,  t h e  number 
of snow courses  i n  the  watershed and t h e  a d d i t i o n a l  d a t a  t h a t  w a s  c o l l e c t e d  
i n  conjunct ion with t h e  Skywater program. By u t i l i z i n g  photogrammetric 
techniques i t  should b e  poss ib l e  t o  ob ta in  a much l a r g e r  number of snow 
depth samples. These samples would then provide an input  t o  a hydrologic  
model t o  assist i n  p red ic t ing  t h e  water y i e l d  from a given watershed. 

The West Fork of Wolf Creek loca ted  near  t h e  summit 

It w a s  no t  t h e  ob jec t ive  of t h i s  s tudy t o  develop a new hydrologic  
s imula t ion  model. Therefore ,  t h e  Stanford Watershed Model w a s  chosen as 
the  model t o  use i n i t i a l l y .  
however, i t  w a s  no t  designed f o r  remote sensing inpu t s  bu t  does conta in  a 
snow m e l t  r ou t ine  which poss ib ly  might be modified t o  accept t h e  remotely 
obtained d a t a  inputs .  E f f o r t s  t o  modify t h e  Stanford Model are descr ibed 
by Winn (-4) and w e r e  c a r r i e d  out  i n  conjunct ion with t h e  work repor ted  
here .  

This model w a s  known t o  be ope ra t iona l ,  

I n  conjunct ion with the  photogrammetric determinat ion of snow depth 
i t  w a s  a n t i c i p a t e d  t h a t  mu l t i spec t r a l  scanner information would be  an 
inpu t  t o  assist i n  determining t h e  water y i e l d  a l s o .  The scanner w a s  t o  
be  operated simultaneously with the photographic da t a  c o l l e c t i o n  e f f o r t  
i n  order  t o  c o r r e l a t e  t h e  information obtained and reduce the  amount of 
f l i g h t  t i m e ,  Development of c l a s s i f i c a t i o n  algori thms and boundary de- 
t e c t i o n  algori thms were developed a t  Colorado State Universi ty  i n  an t ic -  
i p a t i o n  of t he  scanner da ta .  
and Winn ( 4 ) .  

These algori thms are descr ibed by Duong 

The scanner a l s o  w a s  t o  be used t o  e s t a b l i s h  cloud top temperature 
measurements. The Bureau of Reclamation uses temperatures a t  cloud top 
he igh t  obtained with a radiosonde as input  d a t a  t o  decide whether or no t  
t o  seed a p a r t i c u l a r  storm. 
radiometers  may be used t o  scan cloud top temperatures as inpu t  f o r  oper- 
a t i o n a l  weather modif icat ion programs. Therefore,  a more d e t a i l e d  s tudy 
of t h e  cloud tops is  needed and one phase of these  p r o j e c t  w a s  d i r e c t e d  
a t  obta in ing  information r e l a t i v e  to  cloud top temperatures and inc reas ing  
t h e  e f f i c i e n c y  of weather modif icat ion con t ro l  procedures. Data w e r e  
c o l l e c t e d  using a Barnes PRT-5 radiometer t o  estimate t h e  v a r i a b i l i t y  
of cloud top temperatures.  

It is  conceivable t h a t  sa te l l i te  mounted 
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This f e a s i b i l i t y  study of scanner information t i e d  i n  c l o s e l y  with 
work performed f o r  u s e r  agencies such as the  Corps of Engineers. 
channel scanner d a t a  w a s  obtained over t h e  Miss i s s ipp i  River and t h e  
Missouri  River t o  i d e n t i f y  c h a r a c t e r i s t i c s  of t h e  river system. Photo- 
graphic  data  were obtained over t hese  si tes a l s o .  This r e p o r t  desc r ibes  
t h e  var ious f a c e t s  of t h i s  p r o j e c t .  

S ing le  
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OBJECTIVES OF STUDY 

The main purpose of t h i s  study w a s  t o  determine t h e  f e a s i b i l i t y  of 
u t i l i z i n g  remotely sensed da ta .  
l oca t ed  using t h e  thermal scanner information t o  determine t h e  areal 
e x t e n t  of a v a i l a b l e  snow pack. Long range ob jec t ives  w e r e  t o  ex t r apo la t e  
t h i s  d a t a  t o  sa te l l i te  information which would provide g r e a t e r  coverage 
and more t imely information f o r  weather modif icat ion opera t ions  and w a t e r  
systems operat ion.  Areal extent of t h e  snow pack w a s  only one aspec t  of 
t h e  study. Determination of snow depth from photogrammetric measurements 
w a s  another  aspec t .  Determination of snow depths i n  inaccessable  regions 
used i n  conjunction wi th  snow depths determined from e x i s t i n g  snow courses 
would inc rease  t h e  c a p a b i l i t y  of es t imat ing t h e  n e t  a v a i l a b l e  w a t e r  f o r  
runoff . 

Boundaries of t h e  snow pack would be 

Evaluation of t he  f e a s i b i l i t y  of t h e  t h r e e  channel scanner f o r  making 
measurements of cloud top temperatures was another  phase of t h i s  p ro jec t .  
The ob jec t ive  of t h e  weather por t ion  of t h i s  research  w a s  t o  map thermal 
c h a r a c t e r i s t i c s  of t h e  tops  of  t h e  or thographic  cloud systems over t h e  
Sar i  Juan Mountains during the  cloud seeding program of t h e  Bureau of 
Reclamation. 
cloud top temperature as the  s t ronges t  i n d i c a t o r  of cloud seeding p o t e n t i a l .  

This information w a s  t o  be used t o  check t h e  hypothesis  of 

WOLF CREEK PASS TEST SITE 

General Description.-  The Wolf Creek Drainage Basin is loca ted  i n  south- 
western Colorado i n  t h e  Bureau of  Reclamation Skywater p r o j e c t  test area. 
The mean e l eva t ion  wi th in  t h e  watershed of t h e  West Fork of Wolf Creek i s  
approximately 9,500 f t  wi th  the  h ighes t  po in t  a t  t h e  summit of Sheep 
Mountain being 12,369 f t  and the  lowest po in t  approximately 8,000 f t .  
U. S .  Highway 160 traverses the  region from east t o  w e s t  and crosses  t h e  
con t inen ta l  d iv ide  a t  Wolf Creek Pass a t  an e l eva t ion  of 10,857 f t .  The 
con t inen ta l  d iv ide  borders  t h e  watershed on the  east and nor th  and t h e  
major por t ion  of t h e  watershed l i e s  wi th in  the  San Juan Nat ional  Forest .  
Boundaries of t h e  watershed a r e  shown i n  Fig. 2 along with t h e  l o c a t i o n  
of snow gages wi th in  o r  near  t h e  watershed. 

Data Collect ion.-  A l l  f l i g h t s  over t h e  Wolf Creek Pass test site were 
made wi th  the  CSU Aero Commander 500-B research a i r c r a f t .  The a i r c r a f t  
w a s  modified s p e c i f i c a l l y  f o r  t h i s  p r o j e c t ,  
l i c a l l y  operated doors w e r e  i n s t a l l e d  i n  t h e  bottom of t h e  a i rp l ane .  
capac i ty  a l t e r n a t o r s  w e r e  a l s o  i n s t a l l e d  i n  t h e  a i r c r a f t  i n  a n t i c i p a t i o n  
of t h e  t h r e e  channel scanner power requirements. 

Two 1 7  inch p o r t s  wi th  hydrau- 
Larger 

Photography.- Photographic f l i g h t s  were performed over  Wolf Creek Pass from 
November 1970 t o  September 1971. 
and f i l m  type,  used on each mission. The f i r s t  yea r s  f l i g h t  were pr imar i ly  

Table I l ists  the  f l i g h t  times, a l t i t u d e s ,  
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TABLE I - PHOTOGRAPHY COVERAGE FOR WOLF CReEK PROJECT 
~~ - 

Area - late Flown 

Yovember 11, 1970 West Fork 
Wolf Creek 

Yovember 11, 1970 West Fork 
Wolf Creek 

January 24, 1971 West Fork 
Wolf Creek 
Temporary 
Targets 

February 23, 1971 West Fork 

G r c h  13, 1971 Clouds North 

Wolf Creek 

of Wolf 
Creek Pass 

March 19, 1971 West Fork 

April 5, 1971 West Fork 

April 9 ,  1971 PRT-5 

Wolf Creek 

Wolf Creek 

Radiometer 
Calibration 
Fl ight  

Red Feather 

t i t ude  Type of 
Type of Film (Ft MSL) C a m e r a  Used* 

Color Infrared 18,000 1 
Kodak 2443 
Aero chrome 

Color Neg. 
2445 Aerocolor 18,000 1 

Color Neg. 18,000 1 
2445 Aerocolor 30,000 

Color Neg. 18,000 1 

Color Neg. 19,000 1 

2445 Aerocolor 

2445 Aerocolor 

Color Neg, 14,000 1 

Color Neg. 18,000 1 

Color Neg. 1 

2445 Aerocolor 18,000 

2445 Aerocolor 

2445 Aerocolor 

18,650 

* 
1 

2 

Wild RC-8 Precision Mapping Camera 

Internat ional  Imaging (12S> Multiband Camera 

May 1, 1971 

May 1, 1971 

7 

Lakes ti Clouds 

Long Draw Res. 19,250 
Snow Fields 

Water 
Horsetooth R e s .  12,000 

West Fork Color Neg. 18 , 000 1 

West Fork Multiband 18,000 2 

Wolf Creek 2445 Aerocolor 

Wolf Creek 2424 Kodak 
Inf  rared-BbW 
Aerographic 



TABLE I - PHOTOGRAPHY COVERAGE FOR WOLF CREEK PROJECT (con ' t )  

Area - 
U t i t u d e  
(Ft  MSL) 

18,000 

Type of F i l m  
Type of 
Camera Used* 

1 

Wolf Creek 
Pass  Targets  

Date Flown 

~~ 

Color Neg. 
2445 Aerocolor 

'Thermal I n f r a r e d  
Imagery 
3-4.1 Micrometer 
8-11 Micrometer 

L 
~ ~~~ 

West Fork 
Wolf Creek 

Color Neg. 
2445 Aerocolor 

May 27, 1971 

~ 

June 8,  1971 West Fork 
Wolf Creek 

Color Neg. 
2445 Aerocolor 

18,000 

18,000 

18,000 

18,000 

1 

June 8 ,  1971 West Fork 
Wolf Creek 

Mu1 t i  b and 
2424 Kodak 
Infrared-B&W 
Aero graphic  

2 

June 19 ,  1971 Color Neg. 
2445 Aerocolor 

West Fork 
Wolf Creek 

West Fork 
Wolf Creek 

1 

Ju ly  13 ,  1971 
~~ 

Color Neg. 
2445 Aerocolor 

1 

August 25, 1971 West Fork 
Wo 1 f Creek 

1 Color In f r a red  
2443 Kodak 
Aero chrome 

14,300 
18,000 

14,300 
18,000 

September 6 ,  1971 1 

December 10 ,  1972 West Fork 
Wolf Creek 
San Luis 
Valley nea r  
Mof f a t ,  Colo, 

18,000 
14,300 

3 

* 
1 Wild RC-8 Prec is ion  Mapping Camera 

2 I n t e r n a t i o n a l  Imaging (12S) Multiband C a m e r a  

3 Modified Texas Instruments RS-7 Thermal I n f r a r e d  Scanner 
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reconnaissance t o  i d e n t i f y  a reas  blown f r e e  of snow and t o  determine 
i f  c o l o r  o r  co lor  i n f r a r e d  photographs would d e t e c t  and provide t h e  
c o n t r a s t  necessary i n  t h e  snow t o  place t h e  f l o a t i n g  do t  of t h e  Wild 
STK-1 Stereocomparator on t h e  snow surface .  

It w a s  determined e a r l y  i n  the  program t h a t  p r e c i s e l y  e s t ab l i shed  
ground con t ro l  w a s  necessary t o  make accura te  measurements of snow depth. 
The p r o j e c t  i n i t i a l l y  had begun a f t e r  t h e  f i r s t  snows had accumulated on 
t h e  watershed. For two reasons i t  was not  f e a s i b l e  t h a t  w in te r  t o  e s t a b l i s h  
semi-permanent t a r g e t s .  
and no t  knowing t h e  l o c a t i o n s  of wind-blown, snow-free, c l e a r  areas i n  t h e  
watershed. 
during t h e  win ter .  However, an attempt w a s  made t o  provide t a r g e t s  w i th in  
t h e  area t o  check t h e  procedures and see i f  such an approach w a s  f e a s i b l e .  
Temporary t a r g e t s  made from s h e e t s  of polyvinyl p l a s t i c  w e r e  placed on 
t h e  snow p r i o r  t o  the  January 24, 1971 f l i g h t ,  
t a r g e t s  and t h e  approximate r e l a t i v e  e l eva t ions  of t h e  t a r g e t s  w e r e  
determined from a ground survey using a t h e o d o l i t e  and subtense b a r ,  
Photographs w e r e  taken a t  a l t i t u d e s  of approximately 30,000 f t ,  18,000 f t  
mean sea level (MSL). Seven t a r g e t s  were loca ted  near  t h e  summit of 
Wolf Creek Pass of which f i v e  were surveyed t o  provide a temporary base  
l i n e .  
and i t  had a change i n  e l eva t ion  of approximately 1200 f t ,  Fig.  3 shows 
s i x  of t h e  temporary t a r g e t s  placed on the  ground January 24, 1971. Near 
t a r g e t  3 is  t h e  snow marker shown i n  Fig. 4. Snow depth nea r  t h e  marker 
was  determined from t h e  photographs us ing  t h e  Wild STK-1 Stereocomparator 
and compared wi th  t h e  measurement observed on t h e  snow marker. The snow 
marker i nd ica t ed  a depth of 3.5 f t .  The depth ca l cu la t ed  from t h e  Stereo- 
comparator measurements w a s  determined t o  be  4.43 f t  + 0.73 f t .  There are 
t h r e e  snow courses  i n  the genera l  v i c i n i t y  of t h e  snow marker a t  t h e  top  
of Wolf Creek Pass and they are ca l l ed  Upper San Juan, Wolf Creek Pass,  
and Wolf Creek Summit (1) .  The courses w e r e  measured on January 18 and 
January 28. The snow depths a t  t hese  th ree  snow gages w a s  r e l a t i v e l y  
uniform f o r  t hese  da t e s  and ind ica ted  an average depth of approximately 
53 inches  (4.42 f t ) .  
snow courses measured on January 18 and January 28. 
determined by melt ing samples of  snow. 

The first was not  be ing  f ami l a r  with t h e  t e r r a i n  

Second was t h e  d i f f i c u l t y  of assembling and p lac ing  such t a r g e t s  

The d i s t ances  between t h e  

The base  l i n e  extended f o r  a d i s t ance  of approximately 4,000 f t  

Table I1 gives t h e  snow depths f o r  t hese  t h r e e  
Water content  was 

An at tempt  w a s  made t o  ex t r apo la t e  poin ts  marked on the  January 
24 photos t o  those  on March 1 9 ,  1971. This w a s  no t  successfu l .  It w a s  
determined that t h e  temporary targets placed on January 24 w e r e  inadequate 
as t h e  ground c o n t r o l  necessary for  photogrammetrically determining snow 
e l e v a t i o n s  from o t h e r  photographs, Thus, f u r t h e r  a n a l y s i s  of t he  photog- 
raphy obtained on January 24 w a s  not  warranted. The photographs obtained 
on o v e r f l i g h t s  over t h e  rest of t h e  win te r  w e r e  analysed only to determine 
t h e  b e s t  l o c a t i o n s  f o r  semi-permanent t a r g e t s  which w e r e  t o  b e  loca ted  
i n  windswept, snow f r e e  areas which could b e  seen throughout most of t h e  
yea r .  
p r a c t i c a l  t o  make snow depth measurements  d i r e c t l y  from s t e r e o  p a i r s  of 
photographs provided t h a t  adequate ground con t ro l  t a rge ted  po in t s  w e r e  
a v a i l a b l e  i n  t h e  p i c t u r e s ,  Therefore a sample area n e a r  t h e  summit of 
Wolf Creek Pass w a s  chosen and permanent t a r g e t s  w e r e  placed i n  t h e  summer 
of 1971. 

The d a t a  u t i l i z i n g  t h e  temporary t a r g e t s  i nd ica t ed  t h a t  i t  was  

A survey c r e w  w a s  s e n t  t o  Wolf Creek Pass i n  August and placed 
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Fig. 3 - Temporary Aer i a l  Ta rge t s  nea r  t h e  Summit 
o f  Wolf Creek Pass 

Fig. 4 - Snow Marker a t  S u m i t  of Wolf Creek P a s s  
and Temporary Aerial Target 
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I .  

TABLE I1 - SNOW DEPTHS NEAR WOLF CREEK PASS SUMMIT 

Snow Course 

Date 

1/18/71 

1/28/71 

Snow Course 

Date 

1/18/71 

11 2 8 /  7 1  

Snow Course 

Date 

1/18/71 

1/28/71 

Umer San Juan 

Snow Depth Water Content 
(Inches) (Inches) 

55 17.3 

54 17.8 

Wolf Creek Pass 

Snow Depth Water Content 
(Inches) (Inches ) 

52 16 .3  

51 1 6 . 1  

Wolf Creek Summit 

Snow Depth Water Content 
(Inches) (Inches) 

55 16.8 

54 1 7 . 3  
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fou r t een  t a r g e t s  a t  po in t s  determined from photographs of t he  previous 
yea r .  Fig.  5 shows s e v e r a l  l o c a t i o n s  ( c i r c l e d )  of t h e  t a r g e t s  placed by 
t h e  survey crew on t h e  road and on t h e  r i d g e  no r th  and w e s t  o f  t h e  Wolf 
Creek maintenance camp, The t a r g e t s  on t h e  road were painted with road 
s t r i p p i n g  p a i n t .  The t a r g e t s  on t h e  h i l l s i d e s  and on top of t h e  AT&T 
microwave s t a t i o n  were pe r fo ra t ed  metal p l a t e s  painted black.  No photo- 
graphic  missions over t h e  Wolf Creek Pass area were authorized a f t e r  
September, 1971. 

Imagery.- Data were c o l l e c t e d  on several snow f i e l d s  of t h e  Montana 
Mountains i n  November, 1970 using a thermal i n f r a r e d  l i n e  scanner  operated 
by t h e  U ,  S .  Forest  Se rv ice ,  
Texas Instrument RS-7. The imagery format i s  on 5 inch f i l m ,  The image 
is 3-1/2 inches wide and the 1-112 inch border provides space f o r  annota- 
t i o n  of  t h e  f i lm .  The scanner output  w a s  recorded on magnetic t a p e .  
These d a t a  were submitted t o  the  F l i g h t  Data S t a t i s t i c s  Of f i ce  a t  NASA/MSFC 
f o r  d i g i t i z a t i o n ,  The d a t a  were t o  be used t o  develop t h e  method of d a t a  
reduct ion and a n a l y s i s  by NASA/MSFC p r i o r  t o  t h e  a c q u i s i t i o n  of  t h e  t h r e e  
channel scanner.  

The Fores t  SerGice scanner i s  a modified 

The f i r s t  thermal scanner imagery and d a t a  of Wolf Creek P a s s  were 
obtained on December 1 2 ,  1972. The U. S .  Forest  Service Aerial F i r e  
Depot a t  Missoula, Montana, w a s  subcontracted t o  o b t a i n  the  d a t a  on 
Wolf Creek Pass. Two f l i g h t s  over t h e  s i t e  o r i g i n a l l y  w e r e  scheduled. 
One f l i g h t  was t o  be nea r  dawn and one approximately nea r  midday. An 
attempt w a s  made t o  scan Wolf Creek P a s s  on December 4 ,  1972, b u t  i t  w a s  
aborted because of  a l o c a l  storm and i n t e n s e  cloud cover over  t h e  t a r g e t  
area. On December 10,  1972, e i g h t  scanner  runs w e r e  made over  Wolf Creek 
P a s s  n e a r  dawn. Three runs were obtained a t  18,000 f t  and f i v e  a t  14,300 
f t  MSL. The output  from t h e  scanner w a s  recorded on a Sangamo Sabre 111 
Magnetic Tape Recorder. Data w a s  recorded i n  t h e  3 t o  4 .1  micrometer band 
and 8.5 t o  11 micrometer band, 
area taken on January 24, 1971 i s  shown i n  F ig ,  6 .  The imagery from one 
pass over  Wolf Creek test s i t e  a t  14,300 f t  i s  shown i n  Fig.  7.  
areas i n d i c a t i n g  a warmer temperature i n  t h e  thermal imagery are t h e  trees 
i n  t h e  area, t he  darker  s p o t s  are t h e  s k i  area and c l e a r  cu t  t imber areas 
i n  which snow has accumulated and can b e  seen without  tree cover. 

Photographic coverage of t h e  Wolf Creek P a s s  

The l i g h t e r  

The analog d a t a  were d i g i t i z e d  i n  t h e  CSU computer c e n t e r .  
e f f o r t  a t  ana lys i s  of t h e  d a t a  w a s  a v o l t a g e  l e v e l  s l i c i n g  which w a s  an 
attempt t o  r econs t ruc t  a grey l e v e l  map which could be  compared t o  t h e  
o r i g i n a l  imagery. The computer developed grey l e v e l  map corresponding t o  
Fig.  7 is shown i n  Fig. 8. The noon f l i g h t  on December 10, 1972 w a s  can- 
c e l l e d  because of clouds.  

The f i rs t  

Cloud Top Temperatures.- Detai led measurements of cloud top temperatures 
were made f o r  a co ld  orographic cloud n e a r  Wolf Creek Pass on March 13,  - -  
1971. 
f i e l d  of view. 
hours were made during a one day per iod.  
and Balick ( 4 )  and t h e i r  r e s u l t s  showed t h a t  t h e  cloud tops  are h igh ly  
v a r i a n t  i n  space and t i m e  and give t h e  appearance of cumulus c e l l s  
embedded within t h e  cloud,  

The measurements w e r e  made using an a i r b o r n e  radiometer with a 2" 
Eleven passes Over t h e  cloud which covered a t o t a l  of 5 

The d a t a  w a s  analysed by Rasmussen 

They c o r r e l a t e d  cloud top  temperatures wi th  

1 2  



Fig. 5 - Location of Semi Permanent Targets near 
Summit of Wolf Creek Pass  
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Fig. 6 - Aerial Photograph of Wolf Creek Pass area 
taken at approximately 30,000 ft MSL on 
January 2 4 ,  1971 
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Fig ,  7 - Thermal In f r a red  Imagery of Wolf Creek 
Pass Area (8.1-11 micrometers) 
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Fig. 8 - Computer printout 
reconstruction of grey 
leve ls  from digit ized 
Thermal Infrared Scanner 
Output of Wolf Creek Pass 

16 



rawinsonde d a t a  obtained on t h e  same day and found t h a t  t h e  remotely 
sensed temperature corresponded with t h e  rawinsonde d a t a  b u t  t he  vari- 
a b i l i t y  of cloud top temperatures was s o  g r e a t  t h a t  f o r  weather modi- 
f i c a t i o n  c o n t r o l  purposes the point  radiosonde measurements do not  
adequately desc r ibe  the  cloud top. 

I n  a d d i t i o n  t o  t h e  measurements over  t he  Wolf Creek Pass clouds,  a 
c a l i b r a t i o n  f l i g h t  w a s  performed t o  c o r r e l a t e  t h e  radiometr ic  d a t a  w i t h  
photographs and graphic d a t a  recorded simultaneously on f i l m  and on a 
Moseley s t r i p  c h a r t  recorder.  A number of s m a l l  clouds were overflown 
i n  an area over t h e  mountains northwest of Ft .  C o l l i n s ,  Colorado. Radio- 
metric temperature w a s  recorded and d i g i t i z e d  t o  provide temperatures 
a t  one second i n t e r v a l s .  Photographs of t h e  clouds w e r e  taken a t  approx- 
imately f i v e  second i n t e r v a l s .  Radiometric temperatures are superimposed 
on top of t h e  cloud and topography i n  t h e  photograph of Fig. 9.  The 
temperature p l o t  is  i n  terms of time and does n o t  c o r r e l a t e  exac t ly  wi th  
t h e  photograph which i s  an instantaneous p i c t u r e .  Only a s m a l l  p o r t i o n  
of t h e  photograph nea r  t h e  center can b e  r e l a t e d  t o  the  radiometer d a t a  
wi th  any r e l i a b i l i t y  because of t h e  movement of t h e  a i r c r a f t ,  the move- 
ment of  t he  cloud, and t h e  ground topography. The t i m e  i n t e r v a l  between 
exposures of two successive photographs e s t a b l i s h e d  t h e  scale between 
c e n t e r  po in t s  of t h e  successive photographs. This s c a l e  w a s  used i n  cor- 
r e l a t i n g  t i m e s  and, t h e r e f o r e ,  temperatures on t h e  photographs. 

RELATED PROJECTS - MISSISSIPPI RIVER - MISSOURI RIVER 

Colorado S t a t e  conducted remote sens ing  f e a s i b i l i t y  s t u d i e s  f o r  t h e  
Corps of Engineers on t h e  Mississ ippi  River and t h e  Missouri River. The 
two s t u d i e s  w e r e  r e l a t e d  t o  problems of sedimentat ion and t o  monitoring 
of e f f l u e n t  i n t o  t h e  r ivers,  Remote sensing d a t a  c o l l e c t e d  over  t h e  s i te  
included both photographic coverage and thermal i n f r a r e d  scanner  imagery. 
The Corps of Engineers s t u d i e s ,  although n o t  d i r e c t l y  r e l a t e d  t o  t h e  NASA 
s tudy ,  provided scanner  information and f a m i l i a r i t y  wi th  scanner  da t a .  
The experience gained on t h e s e  s t u d i e s  w a s  expected t o  assist i n  t h e  d a t a  
c o l l e c t i o n ,  i n t e r p r e t a t i o n ,  ana lys i s  of t he  t h r e e  channel scanner d a t a  
and aerial photography. From the  Miss i s s ipp i  River test (3) i t  w a s  found 
t h a t  c o l o r  i n f r a r e d  photography enhanced t h e  flow p a t t e r n  i n  t h e  r iver 
because of  t h e  d i f f e r e n c e s  i n  suspended material concentrat ions.  
enhanced flow p a t t e r n s  w e r e  observed as turbulence on t h e  w a t e r  s u r f a c e ,  
s h e a r  zones, mixing zones and regions of high v e l o c i t y  flow, 
of  t h e s e  flow p a t t e r n s  had n o t  been accomplished be fo re .  
mations i n  conjunction with ground t r u t h  d a t a  c o l l e c t e d  by survey teams 
on t h e  river a t  t h e  t i m e  of t h e  o v e r f l i g h t s ,  w a s  used t o  i d e n t i f y  areas 
of high and low suspended sediment concentrat ions,  t o  l o c a l  areas of scour ,  
t o  e v a l u a t e  t h e  r e l a t i v e  depth of water immediately adjacent  t o  banks o r  
bars,  and, i n  some cases, t o  i d e n t i f y  t h e  main thalweg of t h e  river. 

The 

Vi sua l i za t ion  
This new in fo r -  

F ig .  10A shows t h e  area near  Range 413.2 above fiead of Passes (UP) 
on t h e  Miss i s s ipp i  River. 
c o l o r  i n f r a r e d  photograph and shows the eddy p a t t e r n  generated by a chute  
flow and a bend way f l o w  recombining downstream from a s m a l l  i s l a n d .  . The 

This is a b l ack  and white  reproduction of a 
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Fig. 9 - Radiometric temperature superimposed on an 
aerial photograph of clo6d 
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Fig. 10a - Eddy Pattern near Range 413.2 (AHP) 
on the Mississippi River 

Fig. 10b - River Bed Contours a t  Range 4 1 3 . 2  (AHP) 01 

the Mississippi River 
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diameters of t h e  eddies  vary between approximately 200 f t  and 500 f t  as 
they move downstream. This. eddy p a t t e r n  is  t h e  r e s u l t  of turbulence 
generated by t h e  recombining flows and is  expected t o  cause scour 
immediately under the  eddy as can be  a sce r t a ined  by t h e  bed contours f o r  
t h i s  area which a r e  superimposed on t h e  photograph shown i n  Fig. 1 0 B .  
S imi l a r  flow p a t t e r n s  can be observed around man-made s t r u c t u r e s ,  Fig,  
1 1 A  shows a black and white  reproduct ion of a co lo r  i n f r a r e d  photograph 
i n  t h e  v i c i n i t y  of Range 486,4. 
are t h e  Ben Lomond Dikes and are loca ted  n e a r  Lake Providence, Lousiana. 
Turbulence can be observed a t  t h e  water s u r f a c e  nea r  t h e  upstream and 
downstream end of each d ike ,  The turbulence generated by the  dikes  assists 
t h e  observat ion of t h e  flow p a t t e r n  through t h i s  dike f i e l d ,  Scour can 
b e  expected t o  occur i n  t h e  v i c i n i t y  of t h e  observed turbulence and is  
demonstrated by the hydrographic surveys shown by the  superimposed contour 
l i n e s  shown on Fig.  11B. Turbulence nea r  t he  l e f t  bank is  observed a l s o ,  
and t h e  accompanying scour  is v e r i f i e d  by t h e  hydrographic survey. 
thermal imagery f o r  t h i s  s a m e  area i s  shown on Fig.  12. 
a r e l a t i v e l y  uniform grey level ac ross  t h i s  range i n d i c a t i n g  uniform 
temperatures. This observat ion i s  confirmed by measurements made by t h e  
survey crews which ind ica t ed  t h e  m a x i m u m  temperature d i f f e r e n c e  of 0.5"C. 

The d ikes  observed i n  t h i s  photograph 

The 
The imagery shows 

Water su r face  temperature p a t t e r n s  w e r e  no t  observed on the  M i s s i s s i p p i  
River due t o  t h e  extremely uniform temperatures encountered and measured 
by t h e  survey c r e w s .  However, scanner information can be  used t o  f i n d  
r e l a t i v e  depths o f  water immediately ad jacen t  t o  bank o r  b a r  from an 
estimate of t h e  width of t h e  cool band of w e t  sand near  t h e  edge of t h e  
deposi t :  the wider t h e  cool band of moist s o i l ;  t h e  shal lower the  water 
adjacent  t o  t h e  b a r ,  

Thermal i n f r a r e d  imagery is  extremely u s e f u l  f o r  monitoring thermal 
e f f l u e n t  i n t o  a r i v e r .  Fig. 13 shows a b l ack  and white  reproduction of a 
co lo r  i n f r a r e d  photograph of a power p l a n t  on t h e  Missouri  River nea r  
Omaha, Nebraska ( 2 ) .  No apparent e f f l u e n t  from t h e  p l a n t  can b e  seen i n  
t h e  r i v e r ,  on the  photograph. However, t h e  thermal i n f r a r e d  imagery of  
t h i s  same p l a n t ,  shown i n  Fig.  14 which w a s  taken a t  a l a te r  d a t e ,  shows 
t h e  e f f l u e n t  from the p l a n t  en te r ing  t h e  r iver  from t h e  r i g h t  bank. A 
d i f f e r e n c e  in  temperature between t h e  e f f l u e n t  and t h e  r i v e r  a t  t h e  p o i n t  
approximately 100 t o  200 f t  downstream from t h e  o u t f a l l  i s  approximately 
5°F with the r i v e r  temperature at 67" and e f f l u e n t  a t  72°F. 

THREE CHANNEL SCANNER 

The examples c i t e d  above show a p p l i c a t i o n s  f o r  which t h e  t h r e e  channel 
scanner might be  u t i l i z e d .  
and cooperation with u s e r  agencies w a s  encouraged throughout t he  program. 

One phase of the o v e r a l l  NASA/MSFC p r s j e c t  w a s  t o  use -B thermal 
i n f r a r e d  l i n e  scanner f o r  d e t e c t i o n  of s e l e c t e d  ground f e a t u r e s .  It w a s  
a n t i c i p a t e d  t h a t  i n i t i a l l y ,  through t h e  u s e  of c l a s s i f i c a t i o n  algori thms,  
fou r  f ea tu res  could b e  i d e n t i f i e d  and t h e  boundaries between t h e  f e a t u r e s  

20 

P r a c t i c a l  a p p l i c a t i o n s  f o r  t h e  t h r e e  channel 
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Fig. l l a  - Flow Patterns identif ied from surface - 

turbulence near Range 486.4 (AHP) on the 
Mississippi River 

3 g .  l l b  - River Bed Contours at Range 486.4 (AHP) 
on the Mississippi River 
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Fig. 13 - Omaha P & l i c  Power Department Power P l a n t  on t h e  
Missouri  River nea r  Omaha, Nebraska. (NOTE: e f f l u e n t  

F ig .  14  - Thermal I n f r a r e d  Imagery of O.P.P.D. Power P l a n t  
on Missouri  River near  Omaha, Nebraska (EOTE: e f f l u e n t  
a long r i g h t  bank) 
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could be detected.  
trees, 
would n o t  be i d e n t i f i e d  s p e c i f i c a l l y ,  
w a s  never r e a l i z e d ,  perhaps a s h o r t  chronology of  t h e  scanner development, 
s h o r t  term ob jec t ives  and long t e n  ob jec t ives  of t h r e e  channel scanner 
ope ra t ion  may be i n  o r d e r ,  

The f o u r  f e a t u r e s  were ba re  ground, snow, water, and 
Everything e l s e  would b e  lumped i n t o  a f i f t h  c l a s s i f i c a t i o n  which 

Since t h i s  o b j e c t i v e  of t h i s  s tudy 

The th ree  channel scanner w a s  t o  b e  furnished by NASA Marshall Space 
F l i g h t  Center, t o  Colorado State  Universi ty  f o r  u se  on t h i s  p r o j e c t .  
I n i t i a l l y  i t  w a s  expected t h a t  t h e  scanner would be used t o  measure cloud 
top temperatures,  t o  i d e n t i f y  snow f i e l d s  boundaries as the  snow f i e l d s  
receded i n  t h e  s p r i n g  t i m e ,  and t o  estimate water vapor m a s s  i n  t h e  a t -  
mosphere. 
t he  areal ex ten t  of t h e  snow pack on a given watershed.. 

The boundary l o c a t i o n  would be used t o  provide an estimate of 

Ultimately,  t he  r e s u l t s  from t h i s  s tudy would be ex t r apo la t ed  t o  
s a t a l l i t e  recorded d a t a  t o  determine cloud top temperatures,  snow bound- 
aries and water vapor mass i n  the  atmosphere, From t h e  Wolf Creek Pass 
photographs, i t  w a s  observed t h a t  c o l o r  i n f r a r e d  photographs o f  t h e  snow 
f i e l d s  provided b e t t e r  c o n t r a s t  i n  t he  snow than normal c o l o r  o r  b l ack  
and wh i t e  photographs, The c o l o r  i n f r a r e d  f i l m  i s  s e n s i t i v e  t o  wave- 
l eng ths  from 0.4 t o  0.9 micrometers and i s  f i l t e r e d  t o  e l imina te  wave- 
lengths  less than 0.5 micrometers when exposed, Normal aer ia l  co lo r  f i l m  
i s  s e n s i t i v e  t o  wavelengths from 0 .4  t o  0.7 micrometers, It  w a s  f e l t  
a d d i t i o n a l  information could be gained from the  scanner  system i f  t h i s  
po r t ion  of t he  spectrum w a s  included and c o r r e l a t i o n s  were made between 
the  d i f f e r e n t  po r t ions  of t h e  spectrum, 
w a s  a n t i c i p a t e d .  
two o r  t h ree  channel scanner o r  a m u l t i  channel scanner  might be  more 
advantageous f o r  t he  c l a s s i f i c a t i o n  algorithms t o  d e f i n e  snow, water, 
vege ta t ion ,  and t h e  e a r t h ,  s o i l ,  and rocks. Therefore,  NASA recommended 
t h a t  a th ree  channel scanner  be furnished t o  Colorado State  Universi ty .  
Bendix Corporation of Ann Arbor, Michigan, w a s  awarded t h e  c o n t r a c t  t o  
b u i l d  such a scanner.  

O r i g i n a l l y  a s i n g l e  channel scanner 
I n  l i g h t  of a d d i t i o n a l  developments i t  w a s  f e l t  t h a t  a 

I n  order t o  i n c r e a s e  t h e  e f f i c i e n c y  of d a t a  processing and t h e  f l o w  
of information from t h e  scanner  t o  the u s e r ,  a d d i t i o n a l  modif icat ion of 
t h e  scanner w a s  made t o  provide f o r  d i r e c t  d i g i t a l  recording of t h e  da t a .  
The e l e c t r o n i c  i n t e r f a c i n g  package was t o  be  compatable with t h e  computer 
f a c i l i t i e s  a t  Marshall Space F l i g h t  Center .  The design and cons t ruc t ion  
of t he  modified thermal i n f r a r e d  scanner and p e r i p h e r a l  analog d i g i t a l  
e l e c t r o n i c s  were completed i n  September, 1971 and d e l i v e r e d  t o  Marshall  
Space Fl ight  Center,  

The CSU Aero Commander w a s  dispatched t o  H u n t s v i l l e  f o r  i n s t a l l a t i o n  
of t he  scanner i n  l a te  October, 1971. 
a i r c r a f t  on October 29, 1971. Power f o r  t h e  scanners  w a s  supp l i ed  by 
n i c k e l  cadmium b a t t e r i e s ,  
obtaining a magnetic t ape  and a thermal i n f r a r e d  image on f i l m  of t h e  
Brown's Ferry Nuclear Power S i t e .  
obtained and a po r t ion  of t h a t  f i l m  s t r i p  showing t h e  Brown's Ferry Nuclear 
Power P lan t  S i t e  is  shown i n  Fig.  15. 
opera t e  properly. 

The scanner  w a s  i n s t a l l e d  i n  t h e  

A test  f l i g h t  w a s  made wi th  the  o b j e c t i v e  of 

I n  t h e  i n i t i a l  run a f i l m  s t r i p  w a s  

The magnetic t ape  r eco rde r  did n o t  
The power d r a i n  on t h e  b a t t e r i e s  was t o  g r e a t  and t h e  
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Fig. 15 - Thermal I n f r a r e d  Imagery (8-14 micrometer band) 
on Wheeler Lake of Browns  Fer ry  Nuclear Power 
P l a n t  S i t e  obtained wi th  t h e  NASA/MSFC t h r e e  
channel  scanner ,  
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recorder  would no t  l ock  i n  t h e  record mode when a c t i v a t e d ,  
t h e  processed imagery obtained on t h e  i n i t i a l  f l i g h t  i t  was apparent t h a t  
the gain s e t t i n g s  on t h e  scanner needed t o  b e  increased.  
had been suppl ied w i t h  t h e  scanner a t  this time.) Freshly charged b a t t e r i e s  
were i n s t a l l e d  i n  the a i r c r a f t  and an attempt w a s  made t o  avoid such a 
r ap id  power d ra in  on t h e  b a t t e r i e s  as had occured on t h e  previous f l i g h t .  
The scanner  sys t em w a s  hooked up p r imar i ly  t o  t h e  a i r c r a f t  power, 
test of t h e  sys tem w a s  made b u t  t h e  a i r c r a f t  breakers  were thrown s i n c e  
the  generators  could no t  handle the cu r ren t  required by t h e  scanner .  
con f igu ra t ion  used on t h e  previous attempt again w a s  made. Af t e r  t ake  o f f ,  
the u n i t s  were turned on and be fo re  s t a r t i n g  t h e  t ape  recorder ,  t h e  vo l t age  
of t h e  b a t t e r i e s  w a s  checked, 
v o l t a g e  dropped from 31.6 v o l t s  a t  no load t o  approximately 6.5 v o l t s  under 
f u l l  load of t he  scanner system, A t  t h i s  p o i n t  i t  w a s  decided t o  terminate  
t h e  tests and r e t u r n  t o  t h e  a i r p o r t ,  The scanner  w a s  removed from t h e  
a i r c r a f t  and returned t o  Marshall Space F l i g h t  Center.  These tests demon- 
s t r a t e d  t h a t  t h e  e x i s t i n g  a i r c r a f t  power was not  s u f f i c i e n t  f o r  scanner  
ope ra t ions ,  Therefore,  i t  w a s  decided t o  i n s t a l l  l a r g e r  capaci ty  a l t e r n a t o r s  
i n  t h e  CSU a i r c r a f t  t o  handle t h e  power requirements of t h e  t h r e e  channel 
scanner ,  

Af t e r  examining 

(NOTE: No manual 

A ground 

The 

Over approximately a f i v e  minute per iod t h e  

I n  view of t h e  a i r c r a f t  f l i g h t s  w i th  t h e  scanner i n  ope ra t ion  t h e  
o b j e c t i v e s  of t h e  s tudy w e r e  reevaluated and are r e i t e r a t e d  he re .  The 
t h r e e  channel scanner w a s  t o  be assessed by CSU t o  eva lua te  i t s  p o t e n t i a l  
as an atmospheric water  vapor measurement device and as a t o o l  f o r  de t ec t -  
i n g  and e s t a b l i s h i n g  changing snow f i e l d  boundaries,  It a l s o  would b e  used 
as a device f o r  providing r a w  d a t a  f o r  t h e  determinat ion of phys i ca l  
c h a r a c t e r i s t i c s  of the watersheds through t h e  use  of r ecogn i t ion  algori thms 
developed a t  t h e  F l i g h t  Data S ta t i s t i c s  Of f i ce  NASA/MSFC. 
pated t h a t  these o b j e c t i v e s  could b e  accomplished by c o r r e l a t i n g  t h e  t h r e e  
bands and by s p e c i f i c a l l y  observing t h e  opac i ty  of a i r  masses t o  r e f l e c t e d  
energy i n  the  atmospheric t ransmission window a t  0.85 microns and i n  t h e  
minor w a t e r  vapor absorpt ion band a t  0.93 microns,  I n  a d d i t i o n  t o  the 
s h o r t  term ob jec t ive  l i s t e d  above i t  w a s  expected t h a t  t h e  r e s u l t s  could 
b e  appl ied t o  long term o b j e c t i v e s .  There were two long t e r m  o b j e c t i v e s :  
t o  d e t e c t  t h e  amount of water vapor t r ansmi t t ed  t o  t h e  atmosphere from t h e  
snow mass and from vege ta t ion  through evapo t ransp i r a t ion ;  t o  e v a l u a t e  t h e  
amount of water vapor i n  a column between t h e  e a r t h  and t h e  senso r .  Mon- 
i t o r i n g  of the volume of snow pack a l s o  w a s  a n t i c i p a t e d .  
accomplished by determining t h e  areal e x t e n t  from scanner  d a t a  and t o  
e s t a b l i s h  depths photogrammetrically from aerial  photographs. 
volume would provide t h e  inpu t  f o r  a hydrologic  s imula t ion  model. 

I t  w a s  a n t i c i -  

This would be  

This snow 

On J u l y  25, 1972, r e p r e s e n t a t i v e s  from CSU t r a v e l e d  t o  H u n t s v i l l e  t o  
observe ground tests of  t h e  t h r e e  channel thermal scanner .  The ground 
tests were t o  b e  performed t o  i n s u r e  t h a t  t h e  scanner  w a s  o p e r a t i o n a l  
be fo re  t h e  a i r c r a f t  w a s  re turned again t o  Marshall  Space F l i g h t  Center 
f o r  i n s t a l l a t i o n  of t h e  scanne r ,  These ground tests were made a l s o  t o  
provide d a t a  t o  check t h e  d a t a  processing loop t o  determine t i m e  require-  
ments f o r  da t a  processing and a n a l y s i s ,  
of t h e  power supply t o  t h e  Scanner c r e a t e d  numerous problems during t h e s e  
ground tests. 
damaged by the f l u c t u a t i n g  vo l t age  level.  

F luc tua t ions  i n  t h e  v o l t a g e  level 

The test series w a s  delayed because several ' c i r c u i t s  w e r e  
Addit ional  tests were performed 

26 



a few w e e k s  later from the ground test s t and  t o  eva lua te  t h e  scanner. 
Data from t h e  scanner w e r e  recorded and t h e  d a t a  processing loop was  
being checked when t h e  p r o j e c t  was terminated. The key t o  t h i s  po r t ion  
of t h e  e n t i r e  p r o j e c t  was the three channel thermal scanner.  
of t h e  terminat ion n o t i c e ,  graduate  s tudents  were reassigned t o  o t h e r  
p r o j e c t s  and a l l  opera t ions  of t h i s  p ro jec t  w e r e  phased out .  
graphic  records f o r  t h e  Wolf Creek f l i g h t s  w e r e  cataloged and f i l e d .  

Upon r e c e i p t  

A l l  photo- 

SUMMARY 

The p r i n c i p a l  goal  i n  t h i s  program w a s  t o  determine t h e  f e a s i b i l i t y  
of applying remote sens ing  techniques t o  t h e  management of water resources .  
This goal  w a s  t o  b e  accompliQhed by assess ing  t h e  p o t e n t i a l  of t h e  t h r e e  
channel thermal scanner  as an atmospheric w a t e r  vapor measurement device,  
as a t o o l  f o r  de tec ing  and e s t ab l i sh ing  changing snow f i e l d  boundaries,  
and as a device  f o r  providing raw data  f o r  t h e  determinat ion of phys ica l  
c h a r a c t e r i s  t ics of watersheds through t h e  use of recogni t ion  algorithms 
developed a t  t h e  F l igh t  Data S t a t i s t i c s  Of f i ce  NASA/MSFC. 
w e r e  never  f u l l y  r ea l i zed .  It was determined t h a t  i t  w a s  f e a s b i l e  t o  
measure snow depths  using photogrammetric techniques wi th in  t h e  watershed. 
Temporary t a r g e t s ,  placed p r i o r  t o  the over  f l i g h t  of January 24, 1971, 
w e r e  n o t  adequate t o  assess the snow depth wi th in  t h e  watershed. Semi- 
permanent t a r g e t s  w e r e  surveyed in  p lace  i n  August, 1971, 
Wolf Creek Pass throughout t h e  snow season a f t e r  placement of t hese  
t a r g e t s  w e r e  no t  obtained because of  l a c k  of au tho r i za t ion  f o r  photographic 
f l i g h t s  over  the Wolf Creek watershed after August, 1971. 

These ob jec t ives  

Photographs of 

Assessment of cloud top  temperatures w a s  made using a Barnes PRT-5 
radiometer  over t h e  Wolf Creek Pass area.  
top  temperature  measurements using the t h r e e  channel thermal i n f r a r e d  
l i n e  scanner. 
are h i g h l y  v a r i e n t  i n  space and t i m e  and i n  t h i s  p a r t i c u l a r  cloud s tudy 
gave t h e  appearance of cumulus c e l l s  imbedded wi th in  the  cloud. 

This  was  a prelude t o  cloud 

The results of this study showed cloud top temperatures 

Dual channel thermal i n f r a r e d  scanner d a t a  were obtained over  Wolf 
Creek Pass  i n  December, 1972. These raw d a t a  w i l l  be  used t o  v e r i f y  
a lgor i thms which w e r e  developed a t  CSU by Duong and Winn t o  i d e n t i f y  
boundaries  of snow, trees, and e a r t h ,  S imi l a r  d a t a  had been co l l ec t ed  
earlier over  snow f i e l d s  i n  Montana and t ransmi t ted  t o  Marshall Space ' 

F l i g h t  Center  i n  order  f o r  them t o  develop the d a t a  processing procedures 
and algori thms f o r  c l a s s i f i c a t i o n  of ground f e a t u r e s  such as snow, ba re  
ground, vege ta t ion ,  and water. 

S tud ie s  i n  conjunct ion wi th  user  agencies  w e r e  encouraged by NASA/MSFC. 
Two s t u d i e s  were undertaken i n  cooperation wi th  t h e  Corps of Engineers. 
Remote sens ing  techniques were used over test sites on t h e  Miss i ss ippi  
River n e a r  Vicksburg, Miss i s s ipp i ,  and on t h e  Missouri  River near  Omaha, 
Nebraska. 
i n d i c a t e d  areas of scour  caused by turbulence generated by high v e l o c i t y  
flow o r  by s h e a r  zones of recombining flows. 

Flow p a t t e r n s  w e r e  g rea t ly  enhanced on co lo r  i n f r a r e d  f i l m  and 

Re la t ive  flow depths near  
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sand b a r s  could be assessed from t h e  shape of  sand b a r  edges and from t h e  
width of cool sand adjacent  t o  the water l i n e  on sand b a r s ,  Thermal 
e f f l u e n t s ,  which could no t  b e  de t ec t ed  w i t h  normal o r  c o l o r  i n f r a r e d  
photography, could b e  monitored us ing  t h e  thermal i n f r a r e d  l i n e  scanner.  

The three channel thermal scanner w a s  never f u l l y  o p e r a t i o n a l  during 
this s tudy.  It w a s  i n s t a l l e d  i n  t h e  CSU a i r c r a f t  f o r  one prel iminary 
test f l i g h t  and thermal i n f r a r e d  imagery of t h e  Brown's Ferry Nuclear 
Power P lan t  s i t e  was obtained,  

1 
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